Hair evidence is one of the most common types of evidence encountered in criminal investigations. The present preliminary study is aimed to investigate the racial discrimination through hair morphology viz. inner cuticle margin, cuticle thickness and medulla pattern among Malay, Chinese and Indian in Malaysia. Following standard procedure, a total of 180 volunteers' head hair samples, each 60 (30 males, 30 females) from consented Malay, Chinese and Indian, have been collected for analysis. Approximately 1 cm length of each hair was cut and suitably mounted using clean microscope slide, cover slide and mounting medium for analysis. The prepared hair slides were subjected to microscopic examination under different magnifications viz. 40X, 100X and 400X. The result of the hair investigation showed marked differences in hair morphology among the three races. The frequency and percentage of distribution of different hair morphology were tabulated and also presented in the form of bar graphs. This pilot study, the first of its kind in Malaysia provided a promising result in hair investigation showing racial discrimination among dominant races in Malaysia and the result of the investigation can be very well used in crime investigation.
Introduction
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Hair is commonly encountered in almost all criminal cases involving sexual offences etc. It may reveal information as species, race, sex and site of origin which is very useful from personal identification point. Hair has a distinct specialized anatomical structure. In forensic examination of hair, the morphological features which are primarily based on the detailed microscopic observations of the three components, namely cuticle, cortex and medulla, play a very important role [1] . The forensic anthropologist routinely compares the morphological characteristics of the hair samples in question to known hair samples to determine a transfer [2] . Most commonly, a comparison of the morphological characteristics of a known and unknown hair sample can be used to determine if they may have originated from the same source, although the microscopic characteristics of hair are not considered to be unique to individuals [3, 4] . Attempts to discriminate human hair through chemical analysis has included monitoring hair dye components [5] , hair oxidation [6] , hair proteins [7, 8] , and trace elements [9, 10] . Hair analysis is conducted at different levels as gross, microscopic and molecular based. In gross analysis, visual characteristics of hair are observed as color, length, texture and type. In microscopic analysis, more detailed hair characteristics are noticed that finally help to establish a correlation between a suspect and a crime scene or a suspect and a victim [11, 12] .
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Malaysia has a complex multiracial population, predominantly defined by three major ethnic groups: Malay, 58%; Chinese, 24%; Indians, 8%, and other groups, 10% with diverse cultural backgrounds [13] . The present investigation deals with the microscopic study of inner cuticle margin, cuticle thickness and the medulla pattern of the hair to distinguish the three dominant ethnic groups in Malaysia viz. Malays, Chinese and Indians.
Materials and Methods
A total of 180 volunteers' head hair samples, each 60 (30 males, 30 females) from consented Malay, Chinese and Indian, were extracted following the procedure for analysis and the percentage of sample size is shown in Figure 1 . Approximately 20 hairs per individual were collected. The subjects were requested to sit in a relaxed position and samples were extracted from different areas of head using tweezers and packed the collected samples in separate envelopes. All hair samples and information relating to partic-Volume 3 | Issue 4 ipants were coded with a sample ID for anonymity. Following Amna Khan, et al, some strands of distal end of hair were placed on slide in parallel fashion. Then few drops of transparent were dropped on cover slip and it was placed over the slide to fix the hairs. The prepared hair slides were examined through stereo microscope (Labomed, model CxL) under appropriate magnifications viz. 40X, 100X and 400X and recorded with photography. The procured data were compiled, organized and analyzed statistically. The descriptive results of inner cuticle margin, cuticle thickness and medulla pattern of the hairs are presented as tables and bar graphs using frequency and percentage.
The following results were obtained based on the hair analysis of the three parameters viz. cuticle thickness, inner cuticle margin and medulla pattern.
The inner cuticle margin refers to the apparent border between the cortex and the visible cuticle. The variates of the inner cuticle margin consist of distinct, indistinct and varied as viewed longitudinally [14] and the three categories are shown in Figure 2 . The result showed that in Malay males, twenty five samples were distinct, three were indistinct and only two were as varied. On the contrary, the male Chinese and Indian samples showed similar number of distinct, indistinct and varied inner cuticle margin. The examination of female hair showed variation among the races. The frequencies and percentage distributions are shown in Table 1 and The variates of cuticle thickness are thin and thick [14] and shown in Figure 4 . The result of thick cuticles in males showed that the frequency is found to be more often in Chinese (41.3%) followed by Malays (33.3%) and Indians (15.5%). Similar sequence is observed in females also, namely the frequency of cuticle thickness is comparatively more in Chinese (47.8%) followed by Malays (35.4%) and least in Indians (20%). Whereas the result of thin cuticle in males showed that the frequency is found to be more often in Indians viz. fourteen, followed by nine in Malays and two in Chinese. Similar sequence is observed in females, having higher frequency in Indians viz fifteen, followed by six in Malays and least three in Chinese. Hence the result of thin cuticle showed that the frequency and sequence is same in both the genders whereas thick cuticle showed variation in sequence and frequency among genders. The frequencies of thin and thick cuticles are shown in Figure 5 and Table 2. Cuticle thickness 
CUTICLE THICKNESS
The central or innermost core of the hair, the medulla contains a collection of cells but appears as if it's an empty or mud-filled central canal. In human hairs, the medulla is generally amorphous in appearance. The medulla's appearance can be typed as continuous, fragmental and absent. The different types of medulla pattern are shown in Figure 6 . The sequence of continuous medulla pattern in males is found be in the order of twenty five in Malays followed by ten in Chinese and eight in Indians whereas in females, the sequence is found to be in the order of twenty four in Malays followed by eleven in Indians and nine in Chinese. Whereas the sequence of fragmented pattern in both gender is in the order of Chinese followed by Indian and Malays. The absent pattern did not show significant variation among the races. The frequency and percentage distribution of these three patterns are shown in Table 3 and Figure 7 .
Medulla patterns
The sequence of fragmented medulla pattern in males is found be in the order of eighteen in Chinese followed by seventeen in Indians and three in Malays whereas in females, Indians and Chinese showed similar frequencies viz. seventeen and two in Malays. The absent pattern did not show significant variation among the races. The frequency and percentage distribution of these three patterns are shown in Table 3 and Figure 7 . 
Discussion
Malaysia is a multi-racial, multi-cultural and multi-religion country with a rich cultural heritage. Malaysia has about 28 million people, made-up of three main ethnic groups of Malays (58%), Chinese (24%), Indians (8%) and other minorities (10%). Hair is an important trace evidence commonly encountered in almost all criminal cases mostly involving sexual offences. It may reveal information as species, race, sex and site of origin which is very useful from personal identification point [1] . This trace evidence can be used for the purposes of eliminating individuals from police enquiries as well as to help narrow down the list of suspects. The discovery of hair on the body of a victim or on the clothes of someone who has been the victim of an assault can often be used to determine race and gender. The result of the inner cuticle margin and cuticle thickness shows variation among the races. Similar comparative study on cuticle structure was conducted on Asian and Caucasian hairs and showed variation that can be used in forensic investigation [15] . The present investigation on medulla pattern frequency distribution among Malays, Chinese and Indians showed positive result to discriminate the three races which can be used as corroborative evidence in real crime scenarios. The findings of this study are suggestive of medulla pattern and support the views expressed in hair research work conducted among four different castes in Pakistan [16] . The present study showed gender difference through medulla pattern and the finding is in accordance with the findings in Indian population studies conducted by O.P. Jasuja [1] and Kaur [17] . 
